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The discovery in this laboratory (1) of the secondary reaction which 
occurs  at  a  definite  interval  following the  intradermal  inoculation 
into rabbits of properly chosen doses of certain strains of Streptococcus 
v#idans has pointed the way for a number of investigations into the 
general field of bacterial allergy, with reference particularly to  the 
streptococcus group (2).  The results of these investigations, in con- 
junction with a  number of findings in patients with rheumatic fever, 
have given rise to a working theory in which the phenomena of the 
disease are interpreted in terms of allergy or hyperergy to streptococci 
(3). 1  Most  of the experimental data  reported have been obtained 
with certain strains of Streptococcus vlridans.  In view, however, of the 
fact that the indifferent streptococci have been considered to play a 
part in the production of the disease (4), and in some quarters have 
been assigned an exclusive etiologic rble, it has seemed desirable to 
investigate these organisms with a view to determining their potentiali- 
ties as allergizing agents.  A number of interesting observations along 
this line have been published recently by Birldaaug (5).  His animals 
were inoculated intraperitoneally and were tested only with filtrates. 
Inasmuch as in the case of Streptococcus viridans  the capacity to 
produce the secondary reaction in rabbits had served as a  fairly re- 
liable index of the allergizing activity of given strains,  the obvious 
approach to the problem was to observe the frequency with which this 
reaction occurred following the properly executed inoculation with va- 
rious strains of indifferent streptococci.  For this purpose a number of 
x A  similar theory was quite  independently  developed by  Zinsser,  Bull.  New 
York Acad. Med., 1928, iv, 351, and previously suggested in an article by him and 
Grilmell, Y. Immunol.,  1925, x, 725. 
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cultures were selected from among those carried in stock at the time. 
Twenty-four examples  of  Type I  and  twenty of  Group X  (6)  were 
studied;  among the latter  were  included  eleven  which in  our hands 
failed to ferment inulin.  Some of the strains had been isolated from 
patients suffering from active rheumatic fever; others from persons in 
sound health who had never suffered from the disease; still others from 
hospital patients  suffering from conditions unrelated  to rheumatism. 
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Methods. 
Inasmuch" as  only in  the  rabbit  has  the 
gross secondary reaction  been  observed,  this 
was  of  necessity  the  experimental  animal 
chosen.  Inoculations were made into areas of 
unpigmented skin depilated  at least  24 hours 
previously  with a watery paste of commercial 
barium sulfide (Mallinckrodt).  The bacteria 
were grown for 24 hours  in phosphate broth, 
pH 7.8, containing  2 per cent of defibrinated 
rabbits' blood and 0.05 per cent of dextrose. 
When  such  cultures  were  administered  in 
amounts  less than  10 -1  cc.,  dilutions  were 
made in phosphate  broth such  that  the  do se 
desired was contained  in  a  volume  of  0.05 
cc.  As a rule each strain was administered in 
three doses, 10-1 cc., 10 -j cc. and 10-~ cc.; but 
in a  few experiments  the  10-~ cc.  dose  was 
omitted.  Each rabbit was tested with  three 
strains  in  the  dosages given  and each  strain 
was tested in at least three animals. 
By a  method of staggering  the inocula  it was arranged  that no two animals 
received the same three strains.  Results  were tabulated in accordance with this 
scheme, which is illustrated  in Table I.  Thus six strains,  which might be desig- 
nated A-F, would be injected  into six rabbits,  as indicated  in Table I.  Certain 
advantages  accrue to this method of study, for both variation in reactivity of the 
rabbits  and in allergizing capacity of the microorganisms are demonstrated.  In 
the first place, a smaU number of animals are incompetent  to develop the secondary 
reaction, whether through illness (cachectic response), or because of the existence 
of a special condition of natural immunity.  On the other hand,  many strains  of 
indifferent streptococci, more particularly of Group X, are endowed with little  or 
no allergizing capacity.  The percentage  of rabbits  refractory to sensitization  is 
so small that it is unlikely that more than one in four or five will be encountered in 
any single group.  By reading horizontally it is a simple matter to determine  the C.  :H.  HITCHCOCK Alq'D H.  F.  SWI~'T  639 
presence of  refractory animals, as  well as  of  those unusually responsive to  sensi- 
tization.  By reading  along  the dotted  diagonals  the number and degree of  the 
secondary reactions encountered will serve as a fair index to the  sensitizing power 
TABLE  II. 
Variations in Allergizing  Capacity of Nine Strains of Indifferent Streptococci 
Tested in Nine Rabbits. 
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of the strains.  The method is, of course, of less value when one is dealing with a 
number of  strains,  few  or none of which possess more than  a  weak or irregular 
allergizing capacity.  Under such circumstances it is desirable to introduce strains 640  INDLF]?ERENT  STREPTOCOCCI.  HI 
of known potentialities as controls; in Table I  Strains A  and  D  might be thus 
chosen; the only alternative to this, in case of the development of a small percent- 
age of secondary reactions, is repetition of the experiment. 
The results of one among  several experiments are shown in Table II.  Nine 
rabbits were  each  inoculated in nine  areas  with  doses  and  strains  of different 
streptococci as indicated in the headings.  All of the lesions were measured daily 
for 3 weeks.  The scheme used in charting the intensity of the secondary reactions 
was as follows: the two diameters of the lesions were added, and from this result 
was subtracted the sum of the two diameters observed when the lesion was at its 
minimum  preceding  the  development  of  the  secondary  reaction.  When  this 
difference amounted to 1-3 ram., the 4- sign was charted; 4-6 mm.,  +; 7-9 mm., 
++;  10-12  mm.,  +++;  13  ram.  or more,  ++++.  The  -  sign indicates 
absence of secondary reaction. 
TABLE  III. 
Intensity of Secondary Reaclions  from Type I Slrains. 
Tots 1 secondary  Intensity 
reactions 
150 
-4- 
16 
~o.7% 
+  ++  +++  ++++ 
26  24  13  71 
17.3%  16.0%  87%  47.3% 
For meaning of  +  and  -  signs, see text. 
In this experiment Rabbits 1, 3, 4 and 7 were poorly adapted to the purpose in 
hand, as they were obviously in varying degree refractory to sensitization, No. 7 
almost completely so.  This unusually high proportion of unsatisfactory rabbits 
might have invalidated the experiment had it not been for the peculiar distribution 
of the strains.  However, by reading along the diagonal lines and making allow- 
ances for the refractory rabbits as their levels are reached, it is made clear that 
Strains Q 155, P71B, RF18, P59B, RF2, Q205 and RF8 really possess the allergizing 
power, while Strains P31 and P61 are devoid of it, for in areas inoculated with the 
latter  microorganisms  secondary  reactions  failed  to  appear  even  though  the 
tests were made on such highly reactive animals as No. 8 and No. 5 respectively. 
Variations among the positively reacting microorganisms in capacity to stimulate 
secondary reactions were also made evident in  this experiment.  For example, 
Strain Q 155 gave good, even though not marked, reactions in such a poorly reacting 
animal as No. 1; while Strain RF18 gave very poor reactions in this animal and in 
No. 3, but better reactions in the more reactive No. 2. 
Ophthalmic tests were carried out as described elsewhere (3), by application of 
culture sediment to corneas previously scarified under novocaine anesthesia. C.  H.  HITCHCOCK  AND  H.  F.  SWIFT  641 
RESULTS. 
With the 24  strains of Type I,  215  lesions were produced in  82 
animals.  In 150 (69.7 per cent) of these lesions secondary reactions 
appeared within 3 weeks foUowing the date of inoculation, and usually 
before the 12th day. 
In Table III the 150 secondary reactions have been analyzed with 
respect to their intensity, in accordance with the arbitrary formula 
TABLE  IV. 
Incidence of Secondary Reactions in Lesions Resulting from Different Inocula of 
Type I  Strains. 
Size of inocula 
10-t  cc.  I0  ~  cc.  I0-: cc. 
Total lesions ..........................  51  82  82 
Secondary reactions  ...................  37 (72.6%)  69 (84.2%)  44 (53.7%) 
TABLE  V. 
Intensity Distribution of Secondary Reactions among Different Inocula of Type I 
Strains. 
Size of inocul~ 
Total secondary reactions.. 
~temi~ 
+ 
++ 
+++ 
++++ 
10-t ec. 
3? 
4 (10.8%) 
8 (21.6%) 
12 (32.4%) 
2  (5.4%) 
11 (29.7%) 
10  "I CO. 
69 
11 (15.9%) 
15 (21.7%) 
11 (15.9%) 
6  (8.7%) 
26 (37.7%) 
10  4  cc. 
44 
1  (2.3%) 
3  (6.8%) 
1  (2.3%) 
S (11.4%) 
34 (75.2%) 
mentioned above.  Nearly 50 per cent of the reactions were of suflfi- 
dent degree to be expressed as ++++.  In Table IV the 215 lesions 
produced by the Type I  strains have been analyzed with respect to 
the occurrence of the secondary reaction in the lesions resulting from 
the various inocula.  The high percentage (53.7 per cent) of secondary 
reactions in the 10  -3 cc. lesions is noteworthy, and is in contrast to 
observations made with Streptococcus  viridans; for we have repeatedly 
observed that secondary reactions in lesions resulting from inocula- 642  /N'DIFFE1LENT  STREPTOCOCCI.  III 
tion with 10 -3 cc. of Streptococcus viridans cultures are relatively un- 
common. 
In Table V are analyzed the lesions resulting in secondary reactions 
with respect to their distribution by intensity among the three inocula. 
The tendency for the  10 -a cc.  lesions to show more strongly marked 
reactions than the 10 -1 cc. lesions is largely attributable to the method 
TABLE  VI. 
Intensity of Secondary Reactions  from Group X Strains. 
Inulin fermenters 
Non-fermenters 
Total 
secondary 
reactions 
41 
39 
Intensity 
=~  +  ++  +++  ++++ 
9  20  6  1  S 
21.9%  4S.8%  14.6%  2.4%  12.2% 
9  11  7  0  12 
23.1%  28.2%  17.9%  --  30.8% 
TABLE  VII. 
Rel~ion between Size of  Inoc~um and Incidence ~ Secondary Reaction in Group X 
l_~,si~. 
Inulin fermenters 
Non-fermenters 
Total lesions 
Secondary reac- 
tions 
Total lesions 
Secondary reac- 
tions 
I0-~ cc. 
23 
17 (74.O%) 
25 
15 (6O.O%) 
Size  of inocula 
I0  -~ cc. 
23 
16 (69.6%) 
34 
16 (47.1%) 
10-*cc. 
23 
8 (34.8%) 
34 
8 (23.5%) 
of recording by diameters.  The lesions produced by 10 -1 cc. doses of 
Type  I  strains  are relatively  quite large.  In the case of such large 
lesions the secondary reaction manifests itself as much by increase in 
volume as by lengthening of diameters,  whereas  smaller lesions fre- 
quently increase disproportionately in circumference.  For this reason 
the data of Table IV are perhaps a  truer picture of conditions than 
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The twenty strains of Group X  have been analyzed in two groups 
according to their  capacity to ferment inulin in Hiss  serum water 
tubes.  With nine strains of inulin-fermenting organisms 69 lesions 
were produced in 23 animals.  In 41  (59.4 per cent) of these lesions 
secondary reactions appeared within 2 weeks of the date oI inocula- 
tion.  Similarly, with the eleven non-fermenting strains  93  lesions 
were produced in 34 animals; in 39 (42 per cent) of these lesions second- 
ary reactions appeared within the same period of time. 
TABLE  VIII, 
Intensity  Distribution of Secondary Reactions among Di.fferent Inocula of Group X 
Strains. 
Total secondary reactions .......................... 
Inulin fermenters  Intensity 
+ 
++ 
+++ 
++++ 
Total secondary reactions  ............................. 
Non-fermenters  Intensity  ± 
+ 
++ 
+++ 
++++ 
Size of inocula 
10  -I co.  10  -2 cc.  10  "4 cc. 
17  16  8 
4  (23.5%) 
11 (64.7%) 
2 (11.8%) 
o  -- 
o 
15 
4 (26.7%) 
4 (26.7%) 
2 (13.3%) 
0  -- 
5  (33.3%) 
4 (25.o%) 
7 (43.7%) 
3 (18.7%) 
1  (6.3%) 
1  (6.3%) 
16 
3 (18.7%) 
7 (43.7%) 
2  (25.0%) 
o 
4 (50.0%) 
1  (12.5%) 
2  (25.0%) 
1 (12.5%) 
0  -- 
4  (50.0%) 
18 
2 (2s.0%) 
0  -- 
3  (37.5%) 
0 
3 (37.5%) 
In Table VI these reactions are analyzed with respect to their in- 
tensity.  Not only does the secondary reaction appear with less fre- 
quency in the lesions given by Group X  strains, but comparison with 
Table HI shows that there is a decided tendency for it to be less in- 
tense when present. 
In Table VII the total Group X  lesions have been analyzed with 
respect to the relation between size of inoculum and incidence of the 
secondary reaction.  Whereas the incidence of the secondary reaction 
in the 10-1 cc. lesions approaches that observed for the Type I strains, 
there is a decided tendency for it to be lower in the cases of the smaller 
lesions.  This is obvious from comparison of Table VII with Table IV. 644  INDIFI~ERF_~T  STREPTOCOCCI.  ILl 
In Table VIII is given the intensity distribution of the secondary 
reactions among the lesions resulting  from the different inocula  of 
C~roup X  strains. 
DISCUSSION. 
Even a cursory examination of Tables III to VIII will reveal the fact 
that the capacity to give Hse to lesions in which a secondary reaction 
will appear is a fairly constant characteristic of the indifferent strepto- 
cocci.  In the case of Streptococcus viridans only strains derived from 
patients suffering from active disease of some sort were found to pos- 
sess this capacity, while strains saprophytic in the respiratory passages 
were devoid of it (I), but this point was not investigated so extensively 
as in the present study.  As regards the indifferent streptococci, how- 
ever, the source of the strains has been immaterial; certain cultures 
isolated  from the throats  of normal individuals  have given  rise  to 
secondary reactions as frequently and in as great intensity as have 
any of those derived from patients with manifestations of active rheu- 
matic fever. 
The capacity to yield the secondary reaction is greater for the strains 
of Type I  than for those of Group X; and within the latter group the 
inulin-fermenting organisms show it more frequently than do  those 
which fail to  ferment this  carbohydrate.  In the case of the latter 
organisms it is found that the 10 -I cc. lesions do not yield the second- 
ary reaction any more frequently than do the 10 -3 cc. lesions of the 
Type I  strains.  Furthermore, examination of the tables reveals that 
in lesions resulting from 10 -3 cc. inocula there is a  disproportionate 
drop in the percentage of secondary reaction in passing from Type I 
to the non-fermenting members of Group X.  A possible explanation 
for this is found in  the comparison of the primary reactions.  The 
lesions resulting from the inoculation of 10 -1 cc. of Type I culture into 
a  normal animal are  comparatively large, measuring frequently 30 
ram. or more lengthwise by 15-20 ram. in breadth, and often 3-4 ram. 
in thickness.  They are deeply congested and considerably infiltrated, 
and are usually surrounded by an area of slight edema.  The 10 -3 cc. 
lesions are at first at least 1 ram. in thickness, and remain measurable 
usually for 4 to 5 days.  As a  rule it may be said that the strains of 
Group X  produce smaller primary lesions, and that the smallest of all C.  H.  HITCHCOCK  AND  H.  ]~.  SWIFT  645 
are given by  those which fail to  ferment inulin.  Examples of the 
latter have been encountered, 10 -1 cc. of which failed to cause a lesion 
larger than that produced by 10 -3 cc. of a Type I strain.  These differ- 
ences are too great to be explainable upon the basis of growth inequali- 
ties, and would appear rather to indicate that the Type I  organisms 
possess primarily a  greater toxicity for tissue.  Either upon this or 
some similar factor, or upon the relative size of the primary lesion, 
or upon both combined, the appearance of the  secondary reaction 
would seem to  depend. 
The above statements must be understood to refer to general trends. 
Specifically, a  certain amount of variability has been found in the 
capacity of the strains of any one group to yield the secondary reac- 
tion.  It affects the organisms of Type I, however, less than those of 
Group X.  The reasons for this variability are not known.  It seems 
to be independent of the source of the culture, its luxuriaz~ce of growth, 
or possibly its capacity for toxin production. 
The recognition of variability in two factors, viz.,  in the allergizing 
capacity of different strains of streptococci and in the different react- 
ing capacity of rabbits is most important, not only from the viewpoint 
of simple experimentation, but from that of infection and immunity. 
As is indicated elsewhere (7) the degree of reactivity to reinfection is 
conditioned  to a considerable extent by the type of response the animal 
exhibits following the primary infection; hence if a  poorly reacting 
animal is infected with a  strongly allergizing strain its  subsequent 
reactivity may be similar to that of a strongly reacting animal prim- 
arily infected with a  weakly allergizing strain.  When, on the other 
hand, both parasite and host possess in a high degree the substances 
or qualities favorable for production of hypersensitiveness, subsequent 
reinfections will stimulate the most marked response; and finally if 
neither possesses these qualities the minimum  of effect from subsequent 
reinfections can be anticipated.  It is, of course, well recognized that 
these two factors may, and probably do, play an important r61e in 
the infectious diseases; but such variability in the two elements, host 
and parasite,  are rarely so readily demonstrable as in these experi- 
ments. 
This point is further emphasized by comparison of certain indifferent 
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Positive ophthalmic tests (3) are readily obtainable in animals prop- 
erly sensitized by the intradermal route with Type I strains.  They 
have frequently been observed following a single series of injections, 
the total dosage of which has not exceeded 0.333 cc. of Type I culture. 
The production of a comparable degree of hyperergy with Streptococcus 
~iridans  requires  a  definitely greater initial dosage of culture,  and, 
unless this dosage is rather large, a somewhat more protracted period 
of sensitization.  The indifferent streptococci of Type I are therefore 
rather more efficient allergizing organisms than are those of the viridans 
group, in that smaller intradermal dosages will give rise in a shorter 
time to a  demonstrable condition of hyperergy. 
A positive lethal test  (3), while not obtainable with the same con- 
stancy as the ophthalmic reaction, is occasionally encountered even 
with animals sensitized by a single series of intradermal injections of 
Type I  strains,  the total dosage of which does not exceed 0.333  cc. 
At autopsy the findings are similar to those which have been described 
in previous reports  (3)  dealing with Streptococcus  viridans;  namely, 
enlarged and congested lymph nodes and thymus with hemorrhages 
in  these  organs, in  the  bone marrow and  elsewhere.  In  addition, 
striking gross edema and  congestion of the lungs  are  encountered. 
These findings differ radically from those which follow the intravenous 
injection of the organisms into normal animals; in the latter  case, 
death occurs only after a  period of several weeks, and the autopsy 
reveals the lesions of vegetative endocarditis which have been  de- 
scribed by other observers (4). 
SUMMARY  AND  CONCLUSIONS. 
The  indifferent streptococci are  remarkably efficient allergizing 
agents when inoculated  intradermally  into rabbits. 
This is revealed  by the high  percentage  of secondary  reactions  which 
occur in the lesions resulting from the inoculation of small doses of 
these organisms, and  by the relative frequency  with which positive 
ophthalmic reactions are obtained following sensitization with rela- 
tively small doses. 
This allergizing  capacity is most marked in the organisms of Type 
I and least marked in the non-inulin-fermenting  strains of Group X. C.  H.  HITCHCOCK AND  I-I. 1~.  SWIFT  647 
The  different  resultants  emerging  from  variations  in  aUergizing 
capacity of streptococci and reactivity of host are clearly demonstrated 
in this series of experiments. 
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